ORIGINAL ARTICLE
members in the emergency department may want to be informed about probable outcome when surgical evacuation is planned.
Clinical features on admission previously correlated with a poor outcome have included systolic blood pressure greater than 200 mm Hg as part of the Cushing response, 1 gaze paresis, [1] [2] [3] and decreased level of consciousness, [2] [3] [4] [5] [6] [7] [8] [9] all indications of pontine compression. CT scan features indicative of poor prognosis are midline location 2,10-13 obliterated fourth ventricle and basal c i s t e r n s 5 , 1 0 , 1 2 , 1 4 , 1 5 upward herniation 5 , 7 , 1 6 , 1 7 i n t r a v e n t r i c u l a r hemorrhage, 18 and hydrocephalus. 1, 9, 16, 18, 19, 20 The decision to remove a cerebellar hematoma is determined by deterioration 21 and possibly also hematoma size (more than 3 cm on CT) or compression of the quadrigeminal cisterns. In occasional circumstances a ventriculostomy will suffice if obstructive hydrocephalus is the main culprit in deteriorating patients. [22] [23] [24] [25] Previous studies are less than optimal because they were performed in comparatively small number of patients, before high definition CT scanning became widely available and many studies lacked comprehensive statistical analysis. This study examined retrospectively both admission clinical and CT scan features that may predict poor outcome in a large series of patients with spontaneous cerebellar hematomas. Combining both clinical features and CT scan characteristics in a statistical model may yield more relevant information than prior studies, because it closely reflects clinical practice.
METHODS
Patient Data: Spontaneous cerebellar hemorrhage was confirmed by CT scan (n = 93) or autopsy (n = 1). The medical records were retrospectively reviewed. We reviewed the medical records of all Mayo Clinic Patients with intracerebral hemorrhage from 1975-1993 (n = 2,783). We excluded 102 patients with cerebellar hematomas due to underlying causes.
The admission clinical data in 94 patients chosen for analysis were age and sex, history of hypertension, presence of anticoagulation, syncope at hemorrhage onset, systolic blood pressure, findings on neurologic exam (in particular brain stem reflexes), and admission level of consciousness as defined by Glasgow coma score. In addition, deterioration in level of consciousness or development of new brain stem signs was determined from the medical records. Patients presenting in coma (GCS < 8) were considered deteriorated.
All CT scan reports were interpreted by staff neuroradiologists, reviewed and entered into a data form. CT scan films available for review (n = 50) were graded by the authors blinded to the clinical data for anatomic location of hemorrhage (hemispheric with or without extension to midline, or primarily vermis hemorrhage), diameter of the hemorrhage in axial cross section in centimeters converted to true measurements, distortion of the fourth ventricle, brain stem distortion, presence of profound intraventricular hemorrhage (involvement of third and lateral ventricles), and acute hydrocephalus. Upward herniation was defined as obliteration of the ambient and quadrigeminal cisterns and change of the posterior portion of the supracerebellar cistern according to Osborn criteria.
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Outcome Measures: Outcome was determined at least three months after presentation. Poor outcome was defined as dependency (dismissal to long-term care facility) or death.
Statistical Methods: Data were analyzed using chi square test or the Fisher's exact test. Odds ratios together with 95% confidence intervals were obtained using univariate logistic regression or the exact method. Tree-based models provide an alternative to linear logistic regression models for classification problems. The models are fitted by binary recursive partitioning whereby a data set is successively split into increasingly homogenous subsets. In addition, missing covariates are inputted using available covariates. The S plus r part procedure was used to fit the model. 26, 27 For each subgroup based on the regression tree, the probability of having poor outcome and 95 percent confidence intervals was also calculated.
RESULTS

P a t i e n t s
Forty-four (47%) patients were men and fifty (53%) women, aged 27-89 years (median = 73 years, mean = 70 years). Seventy-four patients (79%) had a history of hypertension. Twenty-three patients (25%) received anticoagulation, with 16 patients (70%) anticoagulated beyond therapeutic range (international normalized ratio more than two or prothrombin time more than 12 seconds). The most common clinical presentation alone or in combination were nausea and vomiting, headache, slurred speech, dizziness or vertigo, and imbalance or inability to walk. Neurological examination findings indicating brain stem compression included involvement of the third, fourth, fifth, sixth, and seventh cranial nerves. Dysautonomia as reflected by bradycardia or marked increase in blood pressure were common observations. The clinical data are shown in Table 1 .
Thirty-one patients (33%) were treated with suboccipital craniectomy and hematoma evacuation and sixteen patients (17%) with ventriculostomy. Twenty-eight of 31 (90%) patients who deteriorated later or presented with coma had surgery. Thirty-one patients (33%) died, and twenty-six patients (41%) of those surviving had a dependent outcome.
Statistical Analysis of Poor Outcome
The univariate analysis of clinical and neuroimaging features which were significantly predictive of death and dependent outcome are shown in Table 2 and 3. The odd's ratios measure the excess occurrence of death or dependent outcome of the patients with these features over the patients without these features. Notable findings not predictive of death or poor outcome were anticoagulation respectively for death and dependency, dysautonomia (bradycardia, hypertension), certain eye findings, ventricular distortion and any neurosur g i c a l intervention (Table 4) .
Due to missing data and many possible interaction effects of 
DISCUSSION
Acute space occupying cerebellar hemorrhages may cause major morbidity or death due to medullary compression from tonsillar herniation through the foramen magnum, midbrain compression by vermian herniation through the tentorial hiatus or from direct brain stem compression. Acute obstructive hydrocephalus may contribute due to increased intracranial pressure as a secondary phenomenon.
Several admission features predictive for a poor outcome in our series corroborate previous observations, including admission systolic blood pressure above 200 mm Hg, 1 abnormal corneal and oculocephalic reflexes, GCS less than 8 1,2,9 motor response worse than localization, size greater than 3 cm, 4, [8] [9] [10] 18, 28 visible brain stem distortion, acute hydrocephalus, 1,9,16,18 and intraventricular hemorrhage. 10 We did not find age, premorbid hypertension, anisocoria, or skew deviation to be significant predictive factors for poor outcome. Anticoagulation did not significantly alter patients' clinical course, including patients anticoagulated beyond the usual therapeutic range, but this may represent our practice using early vitamin K or fresh frozen plasma. Surgical intervention did not significantly impact on outcome. This may be a consequence of our neurosurgical practice to preferably intervene in deteriorated patients. It is not known whether early surgery in these patients would result in a less detrimental functional outcome. In many studies, surgical intervention is determined by clinical criteria. We recently found that, at least in our referral institution, neurosurgeons prefer to evacuate small hematomas, but will operate on large hematomas in patients younger than 70 and withhold surgery from older patients. These biases may impact on outcome. 29 The significant correlations with poor outcome may harbor covariates. Therefore, we further partitioned the data and extracted the most important discriminating factors. Bilateral absent cornea reflex highly predicted poor outcome, but its absence at presentation occurred in half of the patients. When cornea reflex is present, acute hydrocephalus predicts poor outcome but particularly when doll's eyes are additionally absent. These findings re-emphasize a lasting effect on the pontine structures due to enlargement of the fourth ventricle or direct compression.
Our study has limitations. First, missing CT scan films may have underestimated the importance of hemorrhage volume as a factor in prediction of a poor outcome. Also, brain stem distortion could not be accurately assessed in 50% of the patients, and this CT feature needs further assessment in future studies on prognostication and may be better determined with MR imaging. Second, the noteworthy finding of absent cornea reflex was not documented in one quarter of the patients. Thus, the correlation could have been different if a larger percentage of patients were examined more thoroughly. It is questionable whether clinicians were more likely to perform the cornea reflex on the sickest patients, skewing the data further. Third, it should be noted that with every partitioning in the decision tree, the subsequent numbers are small and confidence intervals are wide. Firm recommendations are therefore not possible. There is growing interest in the efficient utilization of intensive care resources, therefore it is important to examine whether such intervention will affect outcome and make a difference in mortality. Our large series of patients provides a more nuanced understanding of outcome in cerebellar hemorrhage and is helpful when framing prognostic estimates to family members.
In summary, we found that 86 percent (95 percent C.I. 67-96 percent) of the patients with absent cornea reflex on admission had poor outcome. Hydrocephalus on CT scan emerged as a subsequent important discriminating factor for patients with a present cornea reflex. When hydrocephalus is present and oculocephalic responses are absent, 92 percent (95 percent C.I. 52-98 percent) of the patients had poor outcome. W h e n hydrocephalus is absent, age more than 70 years and size of the hematoma more than 3 cm determined poor outcome; 53 percent of these patients had poor outcome.
These data can be used to assess the initial severity of the cerebellar hemorrhage and plan for an aggressive or supportive course of management. When cornea reflex is absent, suboccipital craniectomy for clot evacuation may result in major morbidity if patients survive. A randomized clinical trial may confirm this conclusion.
